Clinics in Orthopedic Surgery • Vol. 5, No. 1, 2013 • www.ecios.org cular necrosis and nonunion, which have been attributed to soft tissue disruption and local blood supply impairment. Adequate reduction may be achieved using an indirect reduction maneuver. A biomechanical study suggested that angular stable locking plates could also resist the physiologic loads encountered in osteoporosis. 4) Several clinical studies have described minimally invasive plate osteosynthesis, but few have documented the importance of an indirect reduction and clinical results of a minimally invasive approach for displaced proximal humerus fractures, including three-and four-part fractures. 3, 5) The aim of this study was to examine the clinical outcomes of an indirect reduction maneuver and a minimally invasive approach for treating displaced proximal humerus fractures in elderly patients.
METHODS

Patient Selection
The study population comprised 38 patients older than 60 years, who had undergone treatment for proximal humerus fractures at our institution between March 2007 and August 2010, and provided informed consent to participate. Twenty-five patients were admitted after slipping down, and seven after automobile accidents. The inclusion criteria of this study, based on the Neer classification, 6) were as follows: fracture of the shoulder joint; greater than 10 mm displacement of the fracture fragment and 5 mm displacement of the greater tuberosity; angular displacement greater than 45°; and loss of the medial metaphyseal column. The exclusion criteria were two part fractures involving only the greater or lesser tuberosity, open fractures, pathological fractures, and concomitant neurovascular injury. Four patients were lost to follow-up, while 1 patient with previous shoulder surgery and 1 patient with AO type C3 fracture, which needed additional arthrotomy to reduce the dislocation of the fragment, were excluded. Overall, 32 patients (11 male and 21 female) were included. The mean age of the patients was 72.4 years (range, 60 to 92 years) ( Table 1) . Fractures were categorized according to the Neer 6) and AO classification systems. 7) A computed tomography was used to confirm the degree of an articular involvement of the intra-articular fractures.
All cases were followed-up for at least 12 months (range, 12 to 48 months), and 25 of the cases were followed-up for more than 24 months. At the last follow-up, patients were examined and interviewed in regards to the functional and radiological outcomes. Patients subjectively evaluated their pain according to the visual analog scale (range, 0 to 10 points). Constant scores 8) were used to assess shoulder pain (range, 0 to 15 points), strength (range, 0 to 25 points), activities of daily living (range, 0 to 20 points), and range of motion (range, 0 to 40 points).
Functional results according to the constant score were classified as excellent (≥ 86 points), good (71 to 85 points), fair (56 to 70 points), and poor (≤ 55 points). The constant scores were then corrected for gender and age. Standardized X-rays in the anteroposterior and axillary lateral views were used to evaluate the fracture healing, neck-shaft angle (NSA) by Paavolainen et al., 9) and presence of medial support. We categorized the patients into the group with NSA more than 110° and less than 110°; and the gender-specific constant score correction for age of the group with NSA more than 110° were compared to those of the group less than 110°. The presence of medial support was defined by Gardner et al. 10) as the anatomic reduction of the medial cortex, lateral impaction of the proximal fragment in the distal shaft fragment, or an oblique locking screw positioned inferomedially. The gender-specific constant score correction for age of the group with medial support (presence group) was compared with that of the group without medial support (absence group). This study was approved by Institutional Review Board Committee of Samsung Medical Center.
Surgical Technique
The procedure was performed under general anesthesia with the patient placed in the supine position on radiolucent table with a 10 cm high shoulder pillow to elevate both shoulders. In our experience, the intraoperative image intensifier is more effective with the patient in the supine position than in the beach chair position, and the cephalad positioning is superior for performing the operation.
An indirect reduction maneuver was attempted. In case of a three-part fracture, the pectoralis major muscle pulled the humeral shaft medially, and the deltoid raised the shaft against gravity. The articular fragment generally fell and impacted into the defect of broken tuberosities or sometimes elevated. The supraspinatus and infraspinatus displaced the greater tuberosity cranially and dorsally (Fig.  1A) . First, a longitudinal traction to the arm with counter traction was applied against the deltoid. After confirming the disengagement of the head to shaft, a lateral compression to the humeral shaft was applied against the pectoralis major next. Last, an abduction, internal rotation, and elevation of the humeral shaft aligned with greater and lesser tuberosity was gently applied. All procedure was performed while being checked under an image intensifier (Fig. 1B ).
The affected shoulder was then prepped and draped in the routine manner. In a deltoid splitting approach, the acromion was used as a landmark of the anterolateral edge. Since the axillary nerve was located 6.3 ± 0.5 cm below the acromion by Gardner et al., 11) an assumed nerve course was marked or sutured 5 cm distal from the acromion, and this line was not crossed. A skin incision was made beginning at the anterolateral tip of the acromion extending approximately 5 cm distally. The subcutaneous tissue, fascia, and deltoid muscle were dissected to expose the great tuberosity, but the deltoid muscle was not dissected to expose the axillary nerve and circumflex artery. A 3 cm distal incision with longitudinal split of the deltoid muscle insertion was developed to place the plate. A submuscular tunnel along the humeral shaft was created using an elevator. An indirect reduction was tried again as described previously. If the head fragment was derotated, elevated, or impacted, it could be reduced using an elevator as a joy stick. The greater tuberosity also could be reduced using a hook or a reduction clamp.
A plate was then inserted through the created tunnel at least 5 mm distal to the greater tuberosity and 2 mm posterior to the bicipital groove. The PHILOS plates (Synthes Inc., Stratec Medical Ltd., Solothurn, Switzerland) were used in all cases. Care was taken to ensure that sufficient space was maintained between the plate and tendon of the long head of the biceps to prevent damage to the anterior humeral circumflex bundle. The position of the plate was corrected using proximal and distal drill sleeves.
The most distal, or second most distal, screw was inserted first to place the plate in a central position on the humeral shaft. Proximal locking screws were then inserted in sequence. The most proximal four to six screws were not in a location to threaten the axillary nerve, according to results by Smith et al. 12) If needed, a greater tuberosity repair was augmented by nonabsorbable sutures through the rotator cuff tendons and proximal suture holes in the plate, or a rotator cuff repair was performed if necessary (Fig. 1C) . The longitudinally split deltoid was sutured (Fig. 1D ). This procedure was applied to two-, three-, and four-part fractures (Fig. 2) .
The shoulder was immobilized with a U slap shoulder splint covering the shoulder joint for three to four weeks after the operation. Passive motion exercise in the scapular plane, without arm rotation, was initiated on the first day following surgery. Controlled active mobilization was started one to three weeks after surgery, depending on stability and bone quality. After three to four weeks, the splint was removed, and active exercises were begun.
Statistical Analysis
Statistical analysis was performed on the gender, bone mineral density, NSA, and medial buttress with a multiple regression analysis. All analyses were performed using SPSS ver. 13.0 (SPSS Inc., Chicago, IL, USA); and p-values < 0.05 were considered significant.
RESULTS
There were 15 cases of two-part, 12 cases of three-part, The average of gender-specific constant score correction for age was 80.6 points (range, 53 to 92 points). The mean forward flexion, lateral abduction, internal rotation, and external rotation were 145.5° (range, 120° to 180°), 128.7° (range, 100° to 180°), 77.5° (range 60° to 90°), and 34.1° (range, 30° to 80°), respectively. Final functional outcomes were: 8 excellent, 15 good, 7 fair, and 2 poor ( Table 2) .
The average NSA was 122.8° (range, 90° to 140°), and radiological results were 20 good, 11 fair, and 1 poor. There was a significant difference between the gender-specific constant score correction for age of the good group and those of the poor group (p = 0.00). There were 26 cases of presence and 6 cases of absence of medial support. There was also a significant difference between the genderspecific constant score correction for age of the presence group and those of the absence group (p = 0.01) ( Table 3) .
Complications occurred in 4 patients (12.5%) of 32 patients (Table 4) . One patient (3.1%) suffered plate impingement, as the plate was positioned too far cranially; and symptoms improved after plate removal. One patient (3.1%), who had underlying diabetes mellitus and early liver cirrhosis, had a superficial wound infection that required surgical debridement and delayed suture. One patient (3.1%) had a fixation failure and required a conversion to a prosthetic replacement. She had a varus malreduction of 30° and, ultimately, collapse of the humeral head four weeks postoperatively. None of the patients had the osteonecrosis of the humeral head. One patient underwent revision to a prosthetic replacement. Three patients were suspected of having axillary nerve injury, as they had difficulty in elevating forward flexion and lateral abduction. However, only one (3.1%) of the three patients was diagnosed as an axonotmesis by the electromyelography and nerve conduction velocity testing; and the shoulder pain and motion of this patient improved spontaneously at the last follow-up. The possible causes included temporary deltoid weakness as a consequence of the deltoid split approach, adhesion of the plate to the nerve, and axillary nerve injury during the approach.
DISCUSSION
The principle goal in the surgical treatment of proximal humeral fractures is to achieve effective stabilization of an adequately reduced fracture to maximize functional outcomes. If adequate reduction is not achieved with a varus malreduction, or the level of bone loss is too great, a subsequent fixation failure is possible, particularly in osteoporotic bones. Correct fixation techniques are essential for preventing reduction loss and collapse of the fracture fragment.
The anterolateral deltopectoral approach is considered the general approach for proximal humerus fractures. However, a substantial soft tissue dissection with a half detachment of the origin of the deltoid muscle is inevitable, which not only jeopardizes the anterior circumflex humeral artery (the main blood supply to the humeral head) but also carries a risk of devascularization of the fracture fragment. Although the union rates of internal fixation with conventional or locking plates are high, the many complications and risks of reoperation result in suboptimal techniques. Thanasas et al. 13) reported that patients continued to improve up to one year postoperation, achieving a mean constant score of 74.3. Nevertheless, after a review of twelve studies, including 791 patients, they reported the following incidence of complications: avascular necrosis, 7.9%; screw cut out, 11.6%; and reoperation, 13.7%. Sproul et al. 14) who reviewed twelve studies, including 514 patients, reported a mean constant score of 74 and an overall rate of complications of 49%, including varus malunion and a reoperation rate of 14%. This study found an 18.2% overall complication rate, which was presumed to be due to the use of an indirect reduction maneuver and minimally invasive technique. Therefore, the minimally invasive technique has become increasingly popular, coupled with the benefits of locking plates for early functional recovery.
Currently, the biological approach, including the minimally invasive technique, has become more important than the open, extensive approach in osteosynthesis for fracture treatment. 15, 16) Information on clinical results after the minimally invasive plating of proximal humerus fractures has become more readily available. Lill et al. 17) reported favorable results in an early follow-up after applying a locking late in 35 patients. The constant score was 97% of the age-and gender-related normal values (74 points). Lau et al. 3) reported that 17 out of 92 patients had complications, indicating an 18.5% complication rate. Another advantage is that minimally invasive techniques are also applied to fractures of the greater tuberosity in osteoporosis as a buttress plate and to metadiaphyseal fractures, using a modified method. Rancan et al. 5) reported that minimally invasive, long PHILOS plate osteosynthesis is a safe procedure for the treatment of metadiaphyseal fractures of the proximal humerus. Nevertheless, some authors hold different views regarding the successful treatment. Krappinger et al. 2) reported that the bone quality, biological age, anatomic reduction, and medial cortical support are essential for successful surgical treatment. They recommend the consideration of primary arthroplasty, if an anatomic reduction and restoration of the medial cortical support cannot be achieved. Despite the excellent clinical outcomes, the superiority of this technique over alternative methods, such as conservative treatment and open reduction, cannot be proven and may not be over emphasized. However, differences in clinical benefits and complications between a minimally invasive approach and a deltopectoral approach are beginning to be observed.
Knowledge of the fracture geometry and advances in reduction techniques are essential for achieving an adequate reduction. Investigators have used a range of indirect or percutaneous reduction techniques, depending on the type of fracture and fragment displacement. 18, 19) In four-part fractures, the shaft fragment is medialized by the pull of the pectoralis major. The articular fragment falls into the defect of broken-out tuberosities and becomes elevated or impacted. The supraspinatus and infraspinatus pulls the greater tuberosity cranially and dorsally, and the subscapularis leads the lesser tuberosity to a medial displacement. The longitudinal traction with counter traction against the deltoid, lateral compression to humeral shaft against the pectoralis major, abduction of the shaft aligned with the greater tuberosity, and elevation of the distal shaft were necessary to achieve the good alignment. An indirect reduction maneuver could achieve good alignment in most cases by our experience. If the head fragment is so derotated, elevated, or impacted, and the greater tuberosity is so displaced to reduce, an additional procedure using an elevator, a bone hook, or a reduction clamp may be necessary. 20) There are some with concerns for the plate blocking the healing of the detached deltoid insertion. But the repair of the longitudinally split deltoid from anterior to posterior was sufficient for the rehabilitation. It was also confirmed that the deltoid was fully healed with the removal of the plate.
Many surgeons have doubted the possibility of achieving effective stabilization in four-part fractures. In a valgus impacted fracture, indirect reduction and effective stabilization can be achieved, whereas this is difficult to achieve in a varus extended fracture. In a valgus impacted fracture, the plate acts as a mechanical strut under compressive forces resisting valgus subsidence. In a varus extended fracture, the plate functions as a tension band by pulling the humeral head out of varus force. 21) This is the most important distinction between a valgus impacted and varus extended fracture. Additional bone grafts, inferomedial screws, or tension band wiring to reinforce the inferomedial metaphyseal region and prevent the collapse of the humeral head should be considered.
The maintenance of NSA and restoration of medial support are important in achieving an adequate reduction. The degree of humeral head angulation has a substantial effect on the final clinical outcomes. Malreduction of the humeral head is the most common technical error in plate fixation. Patients with a poor reduction had greater than 20° of varus malreduction, which resulted in the mechanical loss of fixation and poor subsequent clinical outcomes.
Care should be taken to prevent axillary nerve injury. 22) Gardner et al., 11) through a cadaveric study, reported that the axillary nerve was located 6.3 ± 0.5 cm below the acromion. Smith et al. 12) reported that the safe zone of the PHILOS plate for proximal screw insertion consisted of the six most proximal holes only. They emphasized the necessity of gentle palpation and digital protection of the nerve during proximal plate and screw insertion. None-theless, routine identification of the axillary nerve to avoid traction injury is not recommended. Six patients were suspected of having an axillary nerve injury as they had difficulty elevating in forward flexion and lateral elevation. One patient was diagnosed with axonotmesis.
This study has several limitations. First, this study is a small case series of a prospective study; and many additional cases will be required to validate these findings. Second, another study comparing the deltopectoral and minimally invasive approach will be necessary to improve the quality and validity of the current study. Lastly, the difficulty in classifying many of the fractures confounded interpretation of the data and assignment of the fracture type according to the Neer and AO classifications. An attempt was made to include as many three-and four-part fractures, but some of these fractures may also be regarded as two-part fractures.
In conclusion, an indirect reduction maneuver and minimally invasive approach were safe and reliable treatment options for the displaced proximal humerus fractures in elderly patients. The maintenance of NSA and restoration of medial support were the most important factors. An inadequate reduction, such as less than 100° of NSA, or no medial support, such as no cortical or screw support, were significant factors associated with poor functional outcomes.
